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(57) During vehicle deceleration, the target value of 
the reserve generated power of a generator (4) is com- 
puted so that the acceleration performance required by 
subsequent re-acceleration is ensured, the lower limit 
of the rotation speed of the generator (4) during decel- 
eration is computed so that the reserve generated pow- 
er of the generator (4) does not become smaller than 
the target value of the reserve generated power, and the 
rotation speed of the generator (4) is limited so that the 
rotation speed of the generator (4) does not decrease 
lower than the lower limit during vehicle deceleration. 
This prevents the rotation speed of the generator (4) and 
engine (1) from decreasing too much during decelera- 
tion, and ensures good acceleration performance at re- 
acceleration. 
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Description 

[0001] This invention relates to a hybrid vehicle. 

BACKGROUND OF THE INVENTION 5 

[0002] JP.A-H1 1-1 4650 published by the Japanese 
Patent Office in 1 999 discloses a technique of suppress- 
ing the input-output power of a battery in a series hybrid 
vehicle, by making the power generation of a generator to 
coincide with the power consumption of a motor. If the 
input-output power required of the battery becomes 
small, the capacity of the battery can be made small. 
However, if the capacity of the battery is small, when 
power is regenerated by the motor during deceleration, 15 
all the regenerated power cannot be stored in the battery 
and the battery may be overcharged. 
[0003] Regarding this point, in JP-A-H8-79914 pub- 
lished by the Japanese Patent Office in 1996, when the 
regenerated power during deceleration is excessive, 20 
power is consumed by power running the generator to 
forcibly rotate the engine in the fuel cut state, and thus 
prevents overcharging of the battery. 

SUMMARY OF THE INVENTION 25 

[0004] In the above-mentioned prior art, the rotation 
speeds of the engine and generator are controlled con- 
sidering only the power consumed by the generator dur- 
ing vehicle deceleration. Therefore, when there is little 30 
excess regenerated power which should be consumed 
by the generator, the rotation speeds of both the engine 
and generator are suppressed low. 
[0005] However, if the engine rotation speed falls too 
much during deceleration, the power which can be im- 35 
mediately supplied to the motor from the generator at 
subsequent re-acceleration will decrease. When this 
power decrease cannot be compensated by the power 
supply from the battery, the motor torque required for 
acceleration is not obtained, and the acceleration re- *o 
sponse of the vehicle may be adversely affected. 
[0006] It is therefore an object of this invention to pre- 
vent the rotation speed of the engine and generator from 
decreasing too much during deceleration, and ensuring 
a good acceleration performance at re-acceleration. 45 
[0007] In order to achieve above object, this invention 
provides a hybrid vehicle comprising an engine, a gen- 
erator mechanically connected to the engine, which ro- 
tates synchronously with the engine, motor electrically 
connected to the generator, which receives power from 50 
the generator to drive the vehicle and regenerates pow- 
er during vehicle deceleration, a battery electrically con- 
nected to the generator and motor, which compensates 
for excess and insufficient power in the generator and 
motor and stores the power regenerated by the motor, 55 
and a controller. 

[0008] The controller functions to cut the fuel supply 
to the engine during vehicle deceleration, consume the 



excess power in the regenerated power which is not 
stored in the battery by power running the generator to 
rotate the engine, compute a target value of the reserve 
generated power of the generator so that the accelera- 
tion performance required by subsequent re-accelera- 
tion is ensured, compute a lower limit of the rotation 
speed of the generator during deceleration so that the 
reserve generated power of the generator becomes 
larger than the target value of the reserve generated 
power, and limit the rotation speed of the generator so 
that the rotation speed of the generator becomes higher 
than the lower limit of the rotation speed of the generator 
during vehicle acceleration. 

[0009] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 0] Fig. 1 is a schematic block diagram of a hybrid 
vehicle relating to this invention. 
[001 1] Figs. 2A-2C are diagrams comparing the gen- 
erated power response when the engine rotation speed 
at acceleration start is Orpm, and when it is lOOOrpm.. 
[0012] Fig. 3 is a diagram for describing the reserve 
generated power when the generator is generating pow- 
er. 

[0013] Fig. 4 is a diagram for describing the reserve 
generated power when the generator is power running 
to rotate the engine. 

[0014] Fig. 5 is a control block diagram calculating 
control target values to make the engine, generator and 
motor operate with coordination. 
[0015] Fig. 6 is a control block diagram of a running 
mode determination control of the generator. 
[001 6] Fig. 7 is a control block diagram of a target re- 
serve drive power computation processing. 
[001 7] Fig. 8 is a control block diagram of a target re- 
serve generated power computation processing. 
[0018] Fig. 9 is a control block diagram of an engine 
stable lower limit computation processing. 
[0019] Fig. 10 is a control block diagram of a reserve 
battery power computation processing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Referring to Fig. 1 of the drawings, a hybrid ve- 
hicle to which this invention is applied comprises an en- 
gine 1, a generator 4 connected with a crankshaft 2 of 
the engine 1 and rotating in synchronism with the engine 
1 , and a motor 5 connected with a drive shaft 7 of the 
vehicle. The output of the engine 1 is converted into 
power by the generator 4, and the motor 5 is driven by 
the power generated by the generator 4. 
[0021] The generator 4 and motor 5 are alternating 
current machines (for example, a permanent magnet 
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type AC synchronous motor, etc.), and are both con- 
nected with an inverter 8. The rotation speeds of the 
generator 4 and motor 5 are controlled by controlling the 
drive frequency of the inverter 8. The ratio of the drive 
frequencies of the inverter 8 is the rotation speed ratio 
of the generator 4 and motor 5. A battery 9 is connected 
to the inverter 8. The battery 9 stores the power gener- 
ated by the generator 4 exceeding the power consump- 
tion of the motors, and which is therefore in excess. The 
battery 9 also supplies power to the motor 5 when the 
power generated by the generator 4 is less than the 
power consumption of the motor 5, and power is insuf- 
ficient. The charge state SOC of the battery 9 can be 
calculated from the voltage between the terminals of the 
battery 9. 

[0022] Sensors 21 , 22 which detect rotation speed are 
fitted to the generator 4 and the motor 5, respectively. 
The generator rotation speed (input rotation speed) Ni 
detected by the sensor 21 and the motor rotation speed 
(output rotation speed) No detected by the sensor 22 
are input into a transmission controller 11 . In the trans- 
mission controller 11 , the drive frequency of the inverter 
8 is controlled so that a target input rotation speed tNi 
and target motor torque tToO calculated by a general 
controller 13 are realized. 

[0023] A clutch 6 which can be selectively engaged 
with the rotation shaft of the generator 4 and the rotation 
shaft of the motors, is interposed between the generator 
4 and motor 5. The clutch 6 is controlled according to a 
command from an engine controller 12. If the clutch 6 is 
engaged and the drive force of the engine 1 is trans- 
ferred directly to the drive wheels when the rotation 
speeds of the generator 4 and the motor 5 are equal, 
losses in the generator 4 and motor 5 will be sup- 
pressed, and the fuel consumption of the vehicle will im- 
prove. 

[0024] The engine controller 12 controls the throttle 
opening of an electronic control throttle device 1 4 so that 
a target engine torque t Te calculated by the general con- 
troller 1 3 is realized . Intake air depending on the throttle 
opening flows into the engine 1 . The intake air amount 
is measured by an air flowmeter 23 installed upstream 
of the electronic control throttle device 14. The engine 
controller 12 controls fuel injection valves 1 5 and ignition 
plugs 16 based on the air flowrate measured by the air 
flowmeter23, and the rotation speed of the engine 1 de- 
tected by a crank angle sensor 24. 
[0025] The general controller 13 calculates a target 
drive torque tTo required by the driver by looking up a 
map, based on an accelerator depression amount APO 
detected by an accelerator depression amount sensor 
25, and an output rotation speed No (or vehicle speed 
VSP which can be found from the output rotation speed 
No), during vehicle acceleration. The general controller 
13 controls the torque of the motor5 via the transmission 
controller 11 and controls the torque of the engine 1 via 
the engine controller 12, so that the target drive torque 
tTo is realized. The general controller 13 also controls 



the rotation speed of the generator 4 via the transmis- 
sion controller 11 so that a generated power corre- 
sponding to the output (power consumption) of the mo- 
tor 5 is obtained. 

5 [0026] During vehicle deceleration, the general con- 
troller 1 3 operates the motor 5 as a generator, and re- 
generates energy during deceleration. When all of the 
regenerated power cannot be stored by the battery 9 
and the regenerated power is excessive, the excess 

10 power is consumed by power running the generator 4 
to forcibly rotate the engine 1 , which is stationary during 
fuel cut, so overcharge of the battery 9 is prevented. 
[0027] If there is little surplus regenerated power 
which should be consumed by the generator 4, the ro- 

15 tation speeds of the generator 4 and engine 1 will also 
become small. If the rotation speeds of the engine 1 and 
generator 4 fall off too much, the power which can be 
immediately supplied to the motor 5 from the generator 
4 at re-acceleration will decline. If the power corre- 

20 sponding to this power reduction cannot be supplied 
from the battery 9, the motor torque required for accel- 
eration will not be obtained, and the acceleration re- 
sponse of the vehicle will decline. 
[0028] Fig. 2 shows how the generated power re- 

25 sponse differs during acceleration, if the rotation speed 
of the engine 1 and generator 4 at acceleration start dif- 
fers. The dotted line shows the case where the vehicle 
is accelerated from the power generation state (initial 
engine rotation speed = 1000rpm), and the solid line 

30 shows the case where it accelerates from the engine 
stop state (initial engine rotation speed = Orpm). When 
it accelerates from the state where the engine 1 stops, 
the engine 1 starts after a certain time from acceleration 
start (time ta). 

35 [0029] Although the vehicle accelerates when the ac- 
celerator depression amount is a maximum in both cas- 
es, as the initial values of the rotation speed differ, a 
difference arises in the generated power response dur- 
ing acceleration. If the engine rotation speed when the 

40 vehicle starts to accelerate is low, the generated power 
will decrease as compared with the case where all the 
power needed by the motor 5 is supplied by generated 
power. If this power insufficiency cannot be compensat- 
ed by the battery 9, the power required by the motor 5 

45 cannot be supplied, and acceleration performance will 
be impaired. 

[0030] Therefore, in order to ensure an acceleration 
performance equivalent to the case where all the power 
needed by the motor 5 is supplied by generated power, 
50 the decrease of engine rotation speed must be limited 
so that the sum of the generated power when the vehicle 
starts to accelerate and the power which can be sup- 
plied from the battery 9 matches the power required at 
acceleration. 

55 [0031] Hence, in the hybrid vehicle relating to this in- 
vention, the decrease of rotation speeds of the genera- 
tor 4 and engine 1 is limited based on the "reserve gen- 
erated power" which is the reserve amount of generated 
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power required at re-acceleration. 
[0032] This "reserve generated power" will now be de- 
scribed, referring Fig. 3 and Fig. 4. In the state wherein 
the generator 4 is generating power, i.e., the state 
wherein the engine 1 is running and generating a posi- 
tive torque, the output obtained by multiplying the differ- 
ence T1 between the maximum engine torque at the ro- 
tation speed N1 and the torque at the running point of 
the engine 1, by the rotation speed N1, is the reserve 
generated power at the rotation speed N1, as shown in 
Fig. 3. In the state wherein the reserve generated power 
is zero, as the engine 1 cannot increase the torque any 
further at this rotation speed, even if it is attempted to 
increase the rotation speed in orderto increase the gen- 
erated power, the rotation speed cannot be increased 
by the engine 1 itself. In orderto increase the generated 
power, it is required to temporarily reduce the torque ab- 
sorption (torque in opposition to the engine torque) by 
the generator 4, i.e., to temporarily reduce the generat- 
ed power to increase the rotation speed. 
[0033] Therefore, in orderto always supply generated 
power without excess or insufficiency, it is necessary to 
appropriately set the running point of the engine 1 below 
the maximum torque line of the engine 1 to ensure the 
reserve generated power. 

[0034] In the state (generator power running state) 
wherein the generator 4 is power running, the engine 1 
is forcibly rotated and power is consumed by the gener- 
ator 4. The value obtained by multiplying the maximum 
engine torque at the rotation speed N1 by the rotation 
speed N1, i.e., the maximum of the positive powerwhich 
the engine 1 can supply at the rotation speed N1, is the 
reserve generated power at the rotation speed N1 . 
[0035] Next, the control performed by the general 
controller 1 3 will be described in detail. Fig. 5 is a control 
block diagram which computes control target values in 
order to make the engine 1, generator 4 and motor 5 
operate with coordination. 

[0036] In this block diagram, a target drive torque t ToO 
set according to the accelerator depression amount 
APO and the output rotation speed No is multiplied by 
the output rotation speed No to convert it into a target 
drive power basic value tPoO. The target drive power 
basic value tPoO is a fundamental parameter for deter- 
mining the control target values of the engine 1 , gener- 
ator 4 and motor 5. After performing phase compensa- 
tion filter processing which compensates the response 
of the drive force to the target drive power basic value 
tPoO, it is divided by the output rotation speed No again 
to compute the target output torque tTo of the motor 5. 
The target output torque tTo is transmitted to the trans- 
mission controller 11 . 

[0037] The motor loss LOSSm and the generator loss 
LOSSg are added to the target drive power basic value 
tPoO to compute a target input power basic value tPo2, 
and a target charge-discharge amount tPc is added to 
the target input power basic value tPo2 to calculate a 
target input power tPo3. The target input power tPo3 is 



a basic value for computing the target input rotation 
speed and target engine torque. A first target input ro- 
tation speed basic value tNHO is computed by looking 
up a table based on the target input power tPo3. This 
5 table specifies the rotation speed of the engine 1 and 
the generator 4 relative to the target power in the power 
generation state. 

[0038] Subsequently, a target input rotation speed 
lower limit tNi_min1 is computed based on a target re- 
serve generated power PGMGN computed by a target 
reserve generated power computation processing (Fig. 
8), described later. Specifically, the target reserve gen- 
erated power PGMGN is divided by the present input 
rotation speed Ni to convert it into an equivalent for the 
target reserve torque. This torque value is subtracted 
from a maximum torque TRQMAX at that rotation speed 
calculated by looking up a table. The value obtained is 
then divided by the target input power tPo3 to give the 
target input rotation speed lower limit tNi_min1. 
[0039] The target input rotation speed lower limit 
tNi_min1 is the rotation speed required to obtain the tar- 
get input power P1 at a torque T1, i.e., 
tNi_min1xT1=P1. The torque T1 is computed at which 
the desired reserve generated power can be obtained 
at the input rotation speed N1 when the present input 
rotation speed is N1. Therefore, when the rotation speed 
is actually tNi_min1 and the torque is computed at which 
the permitted generated power can be obtained at this 
rotation speed, this will be different from T1 computed 
for a rotation speed of N 1. However, if NKNi_min1 in 
the present state, the target input rotation speed lower 
limit tNi_min1 is recalculated at every moment as the 
input rotation speed N1 increases toward the target in- 
put rotation speed lower limit tNi_m/n1, and the input 
rotation speed N1 will coincide with the target input ro- 
tation speed lower limit tNi^minl at some point. 
[0040] A lower limit is applied to the first target input 
rotation speed basic value tNHO by the target input ro- 
tation speed lower limit tNi_min1 and an engine stable 
lower limit tNi_min0 computed by engine stable lower 
limit computation processing (Fig. 9), described later, 
and a target input rotation speed tNH in the power gen- 
eration state where the combustion stability of the en- 
gine 1 can also be ensured, is computed. 
[0041] During deceleration, to absorb surplus regen- 
erated power, a target input rotation speed tNi2 of the 
generator 4 in the generator power running state, is cal- 
culated by the following procedure. 
[0042] First, as in the power generation state, a sec- 
ond target input rotation speed basic value tNi20 is com- 
puted by looking up a table based on the target input 
power tPo3. The target reserve generated power PGM- 
GN is divided by the maximum torque TRQMAX of the 
engine 1 at the input rotation speed Ni to compute the 
target input rotation speed (lower limit) tNi_min2 during 
deceleration. A lower limit is then applied to the second 
target input rotation speed basic value tNi20 by the tar- 
get input rotation speed tNi_min2 during deceleration 
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and engine stable lower limit tNi_minO to compute the 
target rotation speed tNi2 in the generator power run- 
ning state. 

[0043] One of the 0 rpm (stop state), tNH (power gen- 
eration state) and tNi2 (generator power running state) 
is selected, according to the determination result of a 
running mode determination processing (Fig. 6), de- 
scribed later. The result of phase compensation filter 
processing applied to the selected value, is then output 
as the target input rotation speed tNi of the generator 4. 
[0044] As regards the engine 1 , the target input power 
tPo3 is divided by the present input rotation speed Ni to 
calculate the target engine torque tTe, and this is trans- 
mitted to the engine controller 12. 
[0045] Fig. 6 is a control block diagram of the running 
mode determination processing of the generator 4 per- 
formed by the general controller 13. The running mode 
FMODE of the engine 1 and generator 4 is set by this 
processing to the engine stop state, power generation 
state or generator power running state. 
[0046] Running mode determination processing in- 
cludes first determination processing which determines 
whether the generator 4 is in the power generation state 
or the generator power running state based on the value 
of the target drive torque tToO, and second determina- 
tion processing which determines the engine stop (fuel 
cut) based on the state of the battery 9, target input ro- 
tation speed tNi_min2 during deceleration and target re- 
serve drive power POMGN. 

[0047] In first determination processing, the target 
drive torque tToO is compared with a deceleration deter- 
mination torque CSTTTOtt set according to the running 
state of the vehicle. When the target drive torque tToO 
is less than the deceleration determination torque 
CS77T0#, it is determined that the vehicle is decelerat- 
ing and that the power is excessive due to regenerated 
power, so GENMOD is set to "2", showing the generator 
power running state. On the other hand, when the target 
drive torque tToO is larger than the deceleration deter- 
mination torque CSTTTOft, GENMOD is set to "1 show- 
ing the power generation state. 

[0048] In second determination processing, it is de- 
termined whether the charge state SOC of the battery 
9 is equal to or greater than an engine stop permission 
threshold ISSOC#, whether the target input rotation 
speed tNi_min2 during deceleration (engine rotation 
speed) is equal to or less than an engine stop permis- 
sion rotation speed fSNIMIN#, and whether the result of 
adding a required power PENGSTtt required for restart- 
ing the engine 1 to the target reserve drive power POM- 
GN is less than a reserve battery power PBMGN, re- 
spectively. When all these conditions are satisfied, 
fENGSTP is set to "1" showing that the engine stop de- 
termination is satisfied. On the other hand, if any of the 
above conditions is not satisfied, it is determined that a 
problem would arise at subsequent re-acceleration if the 
engine were stopped, and fENGSTP is set to "0" show- 
ing engine stop determination failure. 



[0049] Therefore, during running mode determination 
processing, when fENGSTP is set to "1", FMODE is set 
to "0" showing engine stop. On the other hand, when 
fENGSTP is not set to "1 FMODE is set to "1 " showing 
5 the power generation state or "2" showing the generator 
power running state and fuel cut according to the result 
of first determination processing. If FMODE is set to "0" 
or n 2", a fuel cut flag fFCRO is set to "1" in the block 
diagram of Fig. 5 and the engine controller 13 stops the 
fuel supply to the engine 1 . 

[0050] The general controller 13 stops the engine 1 
according to the result of the determination processing, 
but the engine 1 is not stopped when a problem occurs 
during re-acceleration, including the case where the 
charge state of the battery 9 is low or when the engine 
rotation speed is high. Consequently, even when the ve- 
hicle is re-accelerated from the state wherein the engine 
1 stops, the power supply from the battery 9 and gener- 
ator 4 to the motor 5 does not run short, and drivability 
is maintained at a satisfactory level. 
[0051] Fig. 7 is a control block diagram of target re- 
serve drive power computation processing performed 
by the general controller 13. 

[0052] According to this, a maximum torque TOMAX 
of the motor 5 is calculated by looking up a predeter- 
mined map based on the output rotation speed No, and 
the reserve drive torque TOMGN (reserve amount of the 
drive torque of the motor 5) obtained by subtracting the 
target drive torque tToO from the maximum motor torque 
TOMAX is compared with the upper limit TOMGMX of 
the reserve drive torque. The lesser value is multiplied 
by the output rotation speed No to obtain the target value 
POMGN of the reserve drive power. 
[0053] The upper limit TOMGMX of the reserve drive 
torque is computed by the following equation, based for 
example on the maximum permitted acceleration Gmax 
(maximum acceleration permitted to ensure drivability), 
gravitational acceleration 9.8 [m/s 2 ], vehicle weight W 
[kg], drive wheel radius r [m] and final deceleration ratio 
/: 

TOMGMX = Gmax x 9.8 x W x rl i 

[0054] The reason why the reserve drive torque of the 
motor 5 is limited, is because if the reserve drive force 
is larger than this upper limit TOMGMX, excess regen- 
erated power equal to the difference is generated, the 
power which must be consumed by power running the 
generator 4 and forcibly rotating the engine 1 increases, 
and fuel cost-performance is impaired. 
[0055] Fig. 8 is a control block diagram of the target 
reserve generated power computation performed by the 
general controller 13. 

[0056] According to this, the reserve battery power 
PBMGN computed by reserve battery power computa- 
tion processing (Fig. 10) described later, is subtracted 
from the target reserve drive power POMGN computed 
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by target reserve drive power computation processing 
(Fig. 7). Further, a power generation response delay 
margin DLYMGNtt is added to the result to compute a 
target value PGMGN of the reserve generated power. 
By computing the target reserve generated power PG- 
MGN in this way, the power consumption of the gener- 
ator 4 during deceleration is suppressed low, power sup- 
ply to the battery 9 is increased as much as possible, 
and fuel consumption performance and drivability are 
both realized. 

[0057] Fig. 9 is a control block diagram of stable en- 
gine lower limit computation processing performed by 
the general controller 1 3. 

[0058] According to this, the stable engine lower limit 
tNi_minO is computed by looking up a predetermined 
map, based on the engine cooling water temperature 
7Wand the exhaust gas recirculation (EGR) rate RTOE- 
GR of engine 1 . The engine stable lower limit tNi_minO 
is the minimum value of rotation speed required so that 
the engine 1 can rotate stably. The combustion of the 
engine 1 becomes more unstable, the lower the cooling 
water temperature TWof the engine 1 becomes, or the 
higher the EGR rate RTOEGR becomes, so the engine 
stable lower limit tNi_mmO is computed to be a larger 
value the lower the cooling water temperature TWof the 
engine 1 becomes, orthe higherthe EGR rate RTOEGR 
becomes. When the rotation speeds of the engine 1 and 
generator 4 are limited, if the rotation speed is arranged 
to be higher than this engine stable lower limit tNi_min0, 
excessive drop of the rotation speed of the engine 1 
which impairs the rotation stability of the engine 1 is pre- 
vented. 

[0059] Fig. 10 is a control block diagram of reserve 
battery power computation processing performed by the 
general controller 13. 

[0060] The present battery power PBOUTls subtract- 
ed from a maximum battery power PBmax obtained by 
looking up a predetermined table, based on the charge 
state SOC of the battery 9, to compute the reserve bat- 
tery power PBMGN. 

[0061] In the hybrid vehicle relating to this invention, 
during acceleration, the torque of the motors is control- 
led so that drive torque required by the driver is realized. 
The rotation speed of the generator 4 and the torque of 
the engine 1 are controlled so that a generated power 
corresponding to the drive power (power consumption) 
of the motor 5 is obtained. 

[0062] On the other hand, during deceleration, the 
motor 5 is operated as a generator and the energy of 
deceleration is regenerated. When the regenerated 
power is larger than the power which can be stored by 
the battery 9 so that it is excessive, the generator 4 is 
power run and the engine 1, which is in the stop state, 
is forcibly rotated. The excess power is thereby con- 
sumed by the generator 4, and overcharging of the bat- 
tery 9 is prevented. 

[0063] At this time, if the excess power to be con- 
sumed by the generator 4 is small, the rotation speed of 



the generator 4 will also be small. If the rotation speeds 
of the generator 4 and engine 1 decrease too much, the 
power which can be immediately supplied from the gen- 
erator 4 at re-acceleration will decline. When this power 
5 drop cannot be compensated by the battery 9, the ac- 
celeration response of the vehicle can be adversely af- 
fected. However, in the hybrid vehicle relating to this in- 
vention, the rotation speed of the engine 1 and genera- 
tor 4 during deceleration are controlled to be equal to or 
higher than a predetermined lower limit, so the reserve 
generated power required at re-acceleration is always 
ensured. Hence, the power required by the generator 4 
at re-acceleration can be supplied without delay, and the 
acceleration response is good. 

[0064] Moreover, as an upper limit is set to the reserve 
drive power of the motor 5 to prevent the reserve drive 
power from being excessive and as much power as pos- 
sible is supplied from the battery 9, the reserve gener- 
ated power of the motor 4 can be set to the necessary 
minimum value. Therefore, the power consumption of 
the generator 4 is suppressed low, the power supply to 
the battery 9 can be increased as much as possible dur- 
ing charging, and both fuel consumption-performance 
and drivability can be ensured. 

[0065] Furthermore, a lower limit which takes account 
of the stable combustion limits of the engine 1 is set in 
addition to the target input rotation speed lower limit 
computed from the target reserve generated power. 
Thus, even when the target reserve generated power is 
low, the rotation speed of the engine 1 does not de- 
crease until the engine output becomes unstable. This 
prevents the engine output from becoming unstable to 
decrease generated power during re-acceleration. 
[0066] The entire contents of Japanese Patent Appli- 
cation P2001 -309708 (filed October 5, 2001) are incor- 
porated herein by reference. 

[0067] Although the invention has been described 
above by reference to a certain embodiment of the in- 
vention, the invention is not limited to the embodiment 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in the light of the above teachings. The scope 
of the invention is defined with reference to the following 
claims. 



Claims 

1. A hybrid vehicle comprising: 
an engine (1), 

a generator (4) mechanically connected to the 
engine (1), which rotates synchronously with 
the engine (1), 

a motor (5) electrically connected to the gener- 
ator (4), which receives power from the gener- 
ator (4) to drive the vehicle and regenerates 
power during vehicle deceleration, 
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a battery (9) electrically connected to the gen- 
erator (4) and motor (5), which compensates for 
excess and insufficient power in the generator 
(4) and motor (5) and stores the power regen- 
erated by the motor (5), and 5 
a controller (11, 12, 13) functioning to: 

cut the fuel supply to the engine (1 ) during 
vehicle deceleration, 

consume the excess power in the regener- 10 
ated power which is not stored in the bat- 
tery (9) by power running the generator (4) 
to rotate the engine (1), 
compute a target value of the reserve gen- 
erated power of the generator (4) so that is 
the acceleration performance required by 
subsequent re-acceleration is ensured, 
compute a lower limit of the rotation speed 
of the generator (4) during deceleration so 
that the reserve generated power of the 20 
generator (4) becomes larger than the tar- 
get value of the reserve generated power, 
and 

limit the rotation speed of the generator (4) 
so that the rotation speed of the generator 25 
(4) becomes higher than the lower limit of 
the rotation speed of the generator (4) dur- 
ing vehicle acceleration. 

2. The hybrid vehicle as defined in Claim 1, wherein 30 
the controller (11, 12, 13) further functions to: 

compute a reserve drive torque of the motor (5) 
based on the running state of the vehicle, 
compute an upper limit of the reserve drive 35 
torque so that the reserve drive torque does not 
become excessive for the acceleration per- 
formance required for re-acceleration, 
limit the reserve drive torque so that the reserve 
drive torque becomes smaller than the upper *o 
limit of the reserve drive torque, 
compute the target value of the reserve drive 
power of the motor (5) based on the reserve 
drive torque after limitation to the upper limit, 
compute the reserve power of the battery (9) 45 
based on the charge state of the battery (9), and 
compute the target value of the reserve gener- 
ated power of the generator (4) by subtracting 
the reserve output of the battery (9) from the 
target value of the reserve drive power of the 50 
motor (5). 

3. The hybrid vehicle as defined in any of Claims 1 or 
2, wherein the controller (11, 12, 13) further func- 
tions to: 55 

compute a maximum torque of the engine (1) 
based on a rotation speed of the engine (1 ), and 



compute the lower limit of the rotation speed of 
the generator (4) during vehicle deceleration by 
dividing the target value of the reserve gener- 
ated power by the maximum torque of the en- 
gine (1). 

4. The hybrid vehicle as defined in any of Claims 1-3, 
wherein the controller (11 , 12, 13) further functions 
to: 

compute a lower limit of the rotation speed at 
which the engine (1 ) can rotate stably based on 
the running state of the engine (1), and 
when the lower limit of the rotation speed at 
which the engine can rotate stably is higher 
than the lower limit of the rotation speed of the 
generator (4), take the lower limit of the rotation 
speed at which the engine (1 ) can rotate stably 
as the lower limit of the rotation speed of the 
generator (4) during deceleration. 

5. The hybrid vehicle as defined in any of Claims 1-4, 
wherein the controller (11, 12, 13), further functions 
to: 

determine whether the power supply from the 
battery (9) and generator (4) to the motor (5) is 
sufficient at re-acceleration from the state when 
the engine (1) stops based on the battery 
charge state and the engine rotation speed, 
and: 

cut fuel supply to the engine (1) when it is 
determined that the power supply from the 
generator (4) to the motor (5) is sufficient 
at re-acceleration from the state when the 
engine (1 ) stops. 
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